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ABSTRACT 
This study documents the abilities to gather large amounts of data on 
a structure in the fastest, inexpensive, and accurate way. The purpose and 
objective of this research is to demonstrate that the use of laser scanning is 
a viable solution to surveying techniques presently being used. The 
connotation of this innovation is that it has unraveled the most difficult 
dilemma linked with design and construction, which is how to accurately 
interface with an existing structure and void interferences during 
construction. 
A railroad overpass bridge was scanned and the data was compared to 
the ground truth data collected by the research team and Iowa Department 
of Transportation (IDOT). The results were consistently within sub-
millimeter accuracy coupled with thousands of points of data contained in a 
three-dimensional (30) virtual model. The test conditions around the 
railroad bridge contained many unique features, but Cyrax was able to 
capture the bolt locations, fractures in the structure, rain pouring down, 
traffic passing through, as well as a pigeon resting underneath the bridge. 
The research team concludes that Cyra's laser scanner and software is 
highly capable of capturing survey-grade coordinates and processing the 
large amount of data and developing detailed models. 
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CHAPTER 1. INTRODUCTION 
1.1 Overview 
As projects become more architecturally and structurally complex to 
construct, maintain, and rebuild, the utilization of three-dimensional (3D) 
models is an essential engineering tool. The majority of the work available 
is already being designed or transferred in a 3D software environment. Due 
to the detailed models created by this type of software and the constant 
push to shorten the project schedule, the need for data accuracy and 
completeness in detailing the existing or future structure is extremely 
critical. 
Existing data collection techniques, such as Global Positioning 
System (GPS), used to capture data points on large structures such as 
buildings, dams, bridges, and power plants, while very accurate, are greatly 
hindered by their low point density. Data acquisition time limits monitoring 
to only a few samples located at strategic points on the structure. Ground-
based laser scanning is a new technology that allows rapid, remote 
measurement of millions of points, providing an unprecedented amount of 
spatial information. In return, it permits a more virtual 3D model of the 
structure. 
Laser scanners off er a wealth of information about a structure's 
surface in the form of a dense set of 3D point measurements coupled with 
the return pulse strength. Invariably, scenes are partly occluded by objects 
not related to the structure, such as trees, vehicles, and people, which must 
be removed from the scanner imagery. 
To collect all of the required data from a structure, multiple scans are 
necessary. These scans can be stitched together either by registration 
through common objects, survey points, or features, or by combinations of 
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these. Once the data collection phase is complete, models can be created 
and exported into a Computer-Aided Design (CAD) application software. 
Either two-dimensional (2D) drawings can be generated directly from point 
clouds or from 3D models. Plans, elevations, sections, profiles, and 
isometrics are all supported in the software that manufacturers offer. 
Several terrestrial laser-imaging systems have been recently released. 
They are as follows: 
• Cyrax 2500 3D laser scanning system, which can capture 
approximately 2,000 points per second up to distances of 150 
meters (m). 
• Maptek I-Site system, offers a 6 kHz data acquisition rate up to 
350m. 
• Soisic laser scanner by Mensi captures 100 coordinates per second 
from a distance of 2.5 m to 25 m. 
These types of imaging systems provide users with a dense set of 3D 
vectors to unknown points relative to the scanner location. Given the 
volume of points and high sampling frequency, laser-imagery systems offer 
surveyors and photogrammetrists an unprecedented density of geo spatial 
information coverage. 
1.2 Problem Statement 
Modern surveying equipment is much more technologically advanced 
than its predecessors. The new electronic theodolites can align themselves 
in predetermined directions, and they are equipped with a laser plummet 
that is permanently installed in the standing axis, which allows the 
instrument to be set up quickly and conveniently over the ground point. 
Engineers and land surveyors still struggle with inaccurate data 
collected from the field. Surveyors spend hours collecting what they think is 
enough information. Not until this data is transferred into a CAD 
application software, such as AutoCAD, MicroStation, or 3D Studio Max, do 
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they realize that more data points are necessary before the diagram will 
provide useful information to the engineers. This process becomes even 
more of a task for large-sized projects. 
Before the existence of laser scanners, surveyors could only acquire 
data needed by manually taking direct measurements in the field or by 
utilizing a variety of combination survey instruments. Therefore, with the 
effort to produce dimensionally accurate as-built drawings requires either: a 
very labor-intensive or an expensive process. 
1.3 Research Purpose and Objectives 
The purpose and objective of this research is to demonstrate that the 
use of laser scanning is a viable solution to surveying techniques presently 
being used. This involves learning more about the capabilities of surveying 
service providers including their equipment used for the collection and 
modeling of structures and sites, costs of performing such services, and the 
accuracy of their product. 
1.4 Research Methodology 
The specific methodology for this research consists of the following 
activities: 1) a brief review of previous work in the area of data collection, 2) 
a description of the research approach and procedures used, including a 
discussion of the survey, research test sites selected, laser scanning test site 
selection, bridge data collection with laser scanning system, and creating a 
3D model of the bridge in AutoCAD, 3) results from the survey and the 
service providers participation, and 4) the analysis of the comparison 
between laser scanning and conventional methods. The data collected on 
the railroad bridge was with a Cyrax 2500 laser scanning system, which 
was compared to the as-builts of the bridge and data collected manually. 
A review of previous work is described in the next section. This is 
followed by a description of the research applications. Results follow which 
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include findings from the survey and data collected from the test site. 
Finally, the analysis the accuracy of laser scanning is compared to the as-
builts and manual measurements. 
• 
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CHAPTER 2. LITERATURE REVIEWS 
2.1 Overview 
Collecting geographic information for an infrastructure can be 
performed in a variety of ways. The surveying method chosen to complete 
the task depends on an operator's knowledge and experience. Even with the . 
most advanced piece of technology, an individual can experience difficulties 
successfully completing the job at hand without the proper training. 
Collecting as many data points as possible within a short amount of 
time and processing them into visualization tools to help the project be built 
can only thrust the project toward a successful completion. Successful, 
however, means several things: to have a favorable outcome, to obtain 
something desire or intended, or to have achieved wealth or eminence. 
Using a more advanced piece of surveying equipment can help one achieve a 
favorable outcome; obtain what they desire, which is to acquire an 
unlimited amount of data; and achieve some savings, since the number of 
hours spent collecting and re-collecting data will be reduced, saving money. 
With traditional surveying methods, it is often difficult to accomplish any of 
these items, even with years of experience. An experienced surveyor can 
only work as fast as his/her equipment, operating procedures, and post-
processing procedures allows. 
2.2 Conventional Methods 
Traditional spatial data collection mainly uses the following methods: 
field surveying, digitizing from existing diagrams, and photogrammetry. 
Each of these methods offers its own advantages and contains 
disadvantages. Due to the constant release of simpler, quicker, and more 
accurate equipment and processing software, the once highly recognized 
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benefits of these traditional surveying tools no longer outweigh the 
disadvantages. 
Field surveying can be very time consuming, which in turn can 
produce high costs. The low level of accuracy and efficiency is also often 
frustrating at times. For instance, the newly released Global Positioning 
System (GPS) total stations (Figure 2.1) can only get within one to two 
centimeters of an actual spatial location. This high level difference between 
the actual x,y,z coordinates and surveyed x,y,z coordinates could cause 
severe problems and delays during construction. Digitizing is outdated, and 
its level of accuracy is quite low. Optical images, which are a more 
fundamental and mature means, include an enormous amount of visual 
information, but it is rather difficult to recognize, interpret, and model 
objects in an image. Photogrammetry too results in a time-consuming 
practice, which in turn increases the production costs (Qingquan). 
2.3 Types of Laser Scanning Technology 
Laser scanning is the technology that facilitated the capture of a 
profusion of points in a minimal amount of time. Laser scanning technology 
is divided into airborne laser scanning and ground-based laser scanning. 
An airborne laser scanning system is used to acquire a large area of data, 
such as a field. It is ground-based laser scanning, however, that captures 
the engineering industry's attention because it can rebuild three-
dimensional (3D) spatial objects, a task that is difficult and tedious to 
accomplish with traditional field surveying. 
Ground-based laser scanning is divided in to two-dimensional (2D) 
scanning and 3D scanning. Ground-based laser scanning is mainly used to 
rebuild 3D models and to acquire local geographic information. Several 
knowledgeable key players have contributed to the successful expansion of 
laser scanning. Staff at the University of Tokyo in Japan integrated a 2D 
laser scanning system with other sensors and experimented with it in 1999. 
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Figure 2.1. Total station GPS-Trimble 4800 RTK 
In China, Wuhan Technical University of Surveying and Mapping staff also 
began applied research on ground-based laser scanning also in 1999. 
Finally, the Cyrax system developed by Cyra Technologies, Inc. in Denver, 
Colorado is a typical 3D ground-based laser scanning system. Cyrax is a 
portable auto-scanning laser and PC software system that makes it possible 
to quickly map and model large, complex sites and structures with a 
reasonable level of detail and accuracy (Qingquan). 
2.4 Limitations of Traditional Methods of Measuring and Modeling Existing 
Facilities for 3D Visualization 
In the surveying industry, the two most common methods used to 
measure and model an existing structure or site are as follow: [ 1] 
manual/Computer-Aided Design (CAD) method or walk-down or [2] close-
range photogrammetry. Creating 3D models increases the ability to 
visualize what the structure or site entails. 
Research has proven that when a sufficient amount of accurate as-
built information is lacking, then the following problems could occur 
(Binder, 1997): 
• Higher project costs 
- Construction Industry Study: > 5% - 15% 
• Missed schedules 
• Operations and maintenance inefficiencies and pro bl ems 
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• Safety problems 
• Environmental problems 
2.4.1 Manual/CAD Method 
The first method consists of sending a survey crew to capture the data 
using a steel tape, 2D sketched drawings, and a total station. The 2D 
drawings are marked up in the field and then the changes are made either 
at the office or job-site trailer. Once these changes are incorporated into 
previous measurements and drawings, new drawings can be produced in 
CAD. If the existing model is already in 3D CAD, then these alterations can 
be created directly in 3D CAD; otherwise, the 2D drawing will need to be 
converted to 3D to obtain a 3D model of the structure or site (Jacobs, 1999). 
Some of the problems and advantages encountered by taking 
measurements manually and converting these measurements to 3D CAD 
are as follows (Jacobs, 1999): 
• Disadvantages 
- 3D visualization cannot occur until a 3D CAD model is created 
in the office using measurements and sketches generated in the 
field. 
- Measurement mistakes are common. 
- Sketching mistakes are common. 
- High measurement accuracy is infeasible due to the 
accumulation of measurement error. 
- Omissions of key structural or other elements are common. 
- Manual measurement is time consuming. 
- Safe manual field measurement requires the use of harnessing, 
scaffolds, or man-lifts. 
- The conversion of manual sketches or marked-up drawings to 
3D models or revised 2D drawings is time consuming and error 
prone. 
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- The overall labor costs of performing manual as-builts are high. 
• Advantages 
- Field measurements can be checked onsite via independent 
measurement means. 
- Manual as-builts involve no added capital cost. 
- Conversion of field measurements, sketches, or marked-up 2D 
drawings to models uses CAD software with which the 
Engineering Department is already familiar. 
- Some as-built data can be captured on short notice. 
2.4.2 Photogrammetry Method 
Photogrammetiy is defined as measurements taken from photographic 
images of the structure or site. The multiple pictures taken are referenced 
to a coordinate system by surveying a large number of targets that must be 
strategically placed throughout the site. Prior to converting the images and 
survey points to 3D models, the photographic images must be digitized 
either by a film scanner or digital camera. A specialist then compiles sets of 
stereo photographic pairs, views them with photogrammetry software, and 
selects on corresponding points in each pair. The software determines 3D 
point coordinates in the previously selected points through triangulated 
measures. Finally, actual 3D coordinates are composed. A diverse amount 
of points need to be captured and created to successfully create a 3D model 
of the site. An advantage of using this method is the ability to incorporate 
photographic images, which serve as a visual aid, into the measuring and 
3D modeling process (Jacobs, 1999). 
The cost of photogrammetry is typically 75 cents to $2.25 per foot or 
about $350,000 to $700,000 to complete a detailed 3D model of a refinery 
crude unit (Chowdhury). Although it saves time and does a better job 
compared with the traditional method of taking manual measurements, 
many companies still see it as an extra cost. Several significant limitations 
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and benefits that photogrammetry offers over manual methods of creating 
3D models are as follows (Jacobs, 1999): 
• Limitations: 
- There is a significant time delay (e.g., weeks) before 3D models 
can be created. 
- It is a complex and specialized process. 
- There is no practical method for in-the-field accuracy checks of 
photos. 
- It is difficult to learn because there is no immediate feedback to 
field personnel on measurement results. 
- To achieve high-accuracy results (< 6 mm), the camera location 
must be <= 5 m from the area to be captured. For many 
projects, a large number of photos must be taken and a large 
number of survey targets must be placed in the facility. 
- Placement of survey targets often involves scaffolding, climbing 
on piping and structures, man-lifts, etc. 
- Photogrammetry can be expensive, depending on the accuracy 
and detail needed and the physical sizes of structures to be 
modeled. 
- High manual digitization content increases the risk of errors. 
• Benefits: 
- High-accuracy measurement results are achievable. 
- Photographs assist in creating accurate, complete models. 
- Fine detail is captured and available for subsequent inclusion in 
models. 
- Final results are available in the form of 3D models. 
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2.5 3D Laser Scanning and Modeling 
Not only can laser scanning be used to capture the data needed to 
begin the design and construction phases, but also changes can be easily 
tracked during construction operation. Other ways this type of system can 
be used during the construction phase is for accident reconstruction, 
forensics, construction planning and layout, and positioning (Project 
Lifecycle). Reducing project design errors, thus minimizing subsequent 
construction errors and delays, can be achieved with 3D visualization. 
Jacobs stated that these products, such as Cyrax, put existing 
factories and construction sites on an engineer's desktop computer, in real-
time, with full detail at low cost. The ability to receive complete and 
accurate 3D digital representations of "physical assets" in such a timely 
fashion allows users like Chevron and the Department of Transportation 
(DOT) to "reap the benefits of advanced· computer visualization and 
solutions" throughout the design, construction, and operation phases of 
their assets (Jacobs, 1999). 
2.5.1 History of the Founding Father of Laser Scanning 
Not until 1995 would the world of surveying be completely 
mesmerized by the creation of Cyra Technologies. Ben Kacyra founded Cyra 
Technologies in 1993, after selling Cygna Corporation, Engineering News 
Record (ENR) top 100 engineering company (Patterson, 2001). Cyra 
Technologies produced its first prototype laser scanner in 1995. This 
prototype was so large it required a Volkswagen van to transport it. 
Through extensive research and development, Cyra released its first 
production model, Cyrax 2400 (Figure 2.2), in 1998. There are 
approximately 100 of these 70-pound units in use today. Even though this 
unit required only two to three individuals to set it up and collect data, Cyra 
developed an even lighter, smaller, and faster system, the Cyrax 2500. 
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Figure 2.2. Cyrax 2400 laser scanning unit 
In July 2000, Cyra announced a second-generation 3D scanner. It is 
almost half the size and weight of the original machine, yet it performs 
faster and more robustly than its predecessor (Goldberg) . This reduction in 
size and weight enables one rather than two users to set up and operate this 
scanner unlike the 2400 system. Not only is the Cyrax 2500 more operable 
but also several other new features are offered, such as the following (Cyrax 
2500 Lighter): 
• Batteries can be "hot-swapped," so scanning is not interrupted. 
• A new pan and tilt mount allows easy manipulation of the unit on 
its tripod. 
• Cabling has also been simplified, with just two easy connect 
cables. 
• Firmware upgrades can be performed remotely, instead of having 
to return the scanner to the factory. 
• Improved ruggedness comes from the incorporation of shock-
absorbing materials and a large reduction in the number of 
internal components. 
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2.5.2 Operation of 30 Laser Scanning 
The Cyrax 2500 laser scanning system p rovides the engineering and 
surveying professionals a quick, accurate, and safe way to measure and 
model challenging structures. The scan ner runs on either AC or 12-volt 
(12V) battery. It is simple to mount and orient towards the scene. The 
users interface with the Cryax 2500 is through the systems laptop PC. For 
almost all 3D laser scanning projects the scanner is set up in different 
locations around the project site, target s are often placed in the scene to 
link multiple scans together accurately. Scans can also be tied to local 
coordinate systems by surveying the targets u sing traditionally surveying 
methods. 
The laser's pulsed, visible green beam is moved across a target in a 
raster scan (Figure 2.3), in either a vertical or a horizontal direction (Figure 
2 .4). The horizontal and vertical angles of the beam are measured for each 
point, as well as the time-of-flight of the pulses. Once an object is 
encountered, the laser is reflected back t o the u nit with the time-of-flight, 
which generates a measurement of distance. These measurements produce 
an impact location, which in turn displays a "cloud of points." 
Measurements taken from the cloud can be used to do interference 
detection and constructability studies. Each point has embedded x,y,z data, 
so it can be directly loaded into a CAD program without any need to digitize. 
Refer to Appendix H to see the additional images on the steps required to 
capture and process the data. 
Figure 2 . 3. Laser beam moving across target 
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Figure 2. 4. Laser beam scanning the target horizon tally and vertically 
The Cyrax 2500 uses an integrated video camera to take a digital 
snapshot of the selected scene. This lets the operator see exactly what is in 
the scanners field of view. The operator also uses the video image to select 
both the specific area to be scanned and to decide the horizontal and 
vertical measurement density for resolution. With a single mouse click the 
scan -begins automatically. The Cyrax 2500 is eye safe and can be used in 
any lighting condition. The operator can view the emerging scene in 3D to 
make sure he/ she has the needed data. A typically Cyrax scan takes just 
few minutes yet it captures several hundreds of thousands of points each 
with an accuracy of 6 mm or better over a specified range. This high 
accuracy is viewed impart to the small spot size of the laser which is only 6 
mm wide at a range of 50 m from the scanner. Details scans are also taken 
of targets for high accuracy registration. The small spot size of the laser 
insures that the targets are accurately captured and that there is high 
accuracy throughout the project with multiple scans. If high accuracy is 
not required then common features in the scene can be used to link scans 
together. The result of a Cyrax 3D laser scan is an incredibly rich 3D point 
cloud, a virtual clone of reality on your personal computer (PC). Cyrax 3D 
point clouds literally represent the best possibly starting point to solving a 
wide variety of today's challenging, measuring, and modeling problems. 
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2.5.3 Forms of 3D Visualization 
As an object is being scanned, each 3D measurement immediately 
appears as a graphical 3D point on the laptop screen. As these points 
accumulate, a 3D image of the structure being scanned emerges in the form 
of a 3D point cloud. During and after completion of a scan, three different 
model images--cloud-of-points, intensity-mapped 3D point clouds, and 
shrink-wrapping--can be viewed through Cyra's data processing software, 
Cyclone 3.0. 
Three-dimensional point clouds, intensity-mapped point clouds, and 
shrink-wrapped point clouds are thought of as a virtual 3D model of the 
site/ structure. Various dimensions can be extracted in this type of model: 
point-to-point slope distances, point-to-surface normal distances, surface-
to-surface normal distances, and centerline-to-centerline distances. 
2.5.3.1 3D Point Cloud 
The virgin 3D model of an existing structure captured by the laser 
contains true survey-grade coordinate measurements. This cloud of points 
(Figure 2.5) viewed on the laptop is a dimensionally accurate representation 
of the existing object. While the structure is being scanned, the operator 
can virtually fly through and rotate the model being created on the laptop 
screen. Once the scan is completed, dimensions can be extracted from any 
point or surface. To obtain a complete 3D model, multiple scans need to be 
performed. These scans can then be registered together to create a full 3D 
model. 
Due to the large number of points of triangles contained within a 
virtual 3D model the file size is too large to even manipulate for 
visualization. A 3D point cloud occupies two megabytes (MB) of hard drive 
memory of data collected during a single scan, while only 20 kilobytes (KB) 
is typically used with a formal model (Jacobs, 1999). 
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Figure 2.5. 3D point cloud 
2.5.3.2 Intensity-Mapped 3D Point Cloud 
Once the scan is completed, each point can be colored as a function of 
the intensity of the reflected laser signal that generated the point (Figure 
2.6). For example, the graphical points that correspond to a light-colored 
object with dark areas could be contrasted on the screen so the operator 
could distinguish these areas. This still applies even if the distances were 
the same for all elements on the object's surface (Jacobs, 1999). 
2.5.3.3 Shrink-wrapped 3D Point Clouds 
Shrink-wrapping an image incorporates several computer-processing 
steps into one. First, the scanned points are connected together as a 
"triangulated mesh." Edge detection alogrithims that identify the outlines of 
specific objects are applied to the triangulated mesh. Then both intensity 
mapping and rendering are applied to the mesh. The result is visualization 
that gives clear outlines and color differentiation to geometric elements 
(Figure 2. 7). 
Once you have a 3D point cloud, the next step is to shrink wrap it or 
create a surface on your 3D model. Shrink wrapping combines various 
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computer-processing steps into one. A triangulated mesh connects the 
numerous data points collected. To detect the boundaries of the objects 
within the scanned image, the software applies edge detection algorithms. 
Shrink-wrapping also has the ability of intensity mapping and rendering. 
These too provide clear outlines and color differentiation to geometric 
elements, such as steel structures. In less than 10 seconds, the operator 
can fly around, pan, zoom, and rotate the raw scanned point clouds and 
"formal 3D models" through intensity mapping and shrink wrapping 
(Jacobs, 1999). 
Figure 2 .6. 3D point cloud altered using intensity point cloud 
Figure 2.7. Shrink-wrapped 3D point cloud image 
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2.5.4 Exporting to CAD Applications 
Exporting scanned data into a CAD application, such as AutoCAD, 
MicroStation, or 3D StudioMax, is only one feature offered with the Cyclone 
software. The numerous amounts of raw point clouds and triangulated 
meshes within a file can sometimes be too large for a CAD application to 
handle. This factor depends on the size of the project that will be scanned. 
To successfully complete the transfer, some of the points will need to be 
deleted, which does not distort the model or accuracy in any way. 
2.5.5 Advantages Over Manual Methods 
Laser scanning technology is better than its competition in every 
aspect. Some of its advantages over the two most common surveying 
methods, manual and photogrammetry, clearly describe which surveying 
tool is better equipped and capable of performing in todays fast pace 
construction world. 
From the view captured from the "camera-like instrument," 3D point 
cloud images are instantly portrayed on the laptop screen, which gives the 
operator instantaneous visualization of the required data. Not only is a 
model created instantaneously, but the 3D points in the image are also 
more accurate than any other method currently used. The surveyor can 
also determine in the field whether enough points have been captured. With 
photogrammetry, intermediate processing steps have to be completed before 
the coordinates can be established, which is difficult to accomplish onsite. 
A larger range of data can be retained in one scan due to the horizontal 
projection. As a result, from this the number of pictures captured is 
reduced, the number of targets needed is reduced, and especially the need 
for scaffolding is eliminated (Jacobs, 1999). 
These advantages have already been proven on several projects. Only 
a small percentage of the projects that utilized this technology achieved any 
cost savings, but the real savings obtained is its potential to reduce 
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measurement errors and omissions. Using laser scanning during the design 
process helps to avoid interferences that are found during construction. 
The construction phase is the most expensive and disruptive time to deal 
with this type of problem. A new design must be prepared, additional 
materials or equipment may need to be ordered, more work may need to be 
done, more cost is incurred, and the schedule is delayed. Furthermore, if 
the existing facility has been shut down to permit construction to proceed, 
the owner foregoes income from operating the facility for a longer time. On 
a large project, such as a power plant, these problems can cost millions of 
dollars. Construction errors can consume 2% to 8% of total project costs. 
To eliminate the errors, one solution is to consistently survey the site, 
ensuring that the data matches the engineered plans. However, performing 
this solution with traditional methods is excessively timely and expensive. 
One way to reduce these factors is to capture fewer points, which can 
provide cost savings in subsequent design and construction phases. 
Finally, the laser scanning system reduces accidents associated with 
engineering and construction. Using the laser scanning system, 
construction site areas that require scaffolding or other means of temporary 
access for traditional as-built methods (with resulting fall potential) can be 
as-built from the ground or permanent walkways installed. Areas that place 
surveyors using conventional techniques in danger (e.g., along active 
highways) can be avoided (Jacobs, 1999). 
Some of the obvious advantages of laser scanning systems over 
manual as-built and photogrammetry methods are as follows (Jacobs, 
1999): 
• Manual 
- Faster path to 3D visualization 
- More accurate results 
- More complete results 
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- Faster data capture 
- More direct modeling 
- Safer data capture of hard-to-reach or hazardous areas 
• Photogrammetry 
- Laser scanning generates collected images comprised of 
accurate 3D point measurements. 
- Software on laptop lets user immediately achieve 3D 
visualization. 
- These immediate results make it easier to learn. 
- Immediately you can tell if the area has been sufficiently 
captured. 
- Photo requires intermediate processing steps, which are difficult 
to do onsite. 
- Greater range: 50 m vs. 5 m 
Furthermore, given the amount and accuracy of data that is collected 
using the laser scanner, the resulting as-built drawings and models would 
have been impossible to produce using prior methods. Therefore, the laser 
scanner reduces the costs of as-building an existing facility, while at the 
same time increasing accuracy and detail. 
2.6 Previous Projects 
To fully understand the capabilities of laser scanning technology is to 
view this system and compare it to other field surveying methods. Cyra 
Technologies has been promoting their award-winning system since it was 
first developed in 1998. To justify its application abilities to various 
industries, numerous scans on a wide range of structures were necessary. 
The examples presented below range from a variety of project types, such as 
a bridge, rockface, mine quarry, cave, power plant, statue detail 
determination, and building renovation. Ref er to Appendix I for additional 
laser scanned images from other projects. 
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2.6.1 Overview 
To design a building structure, bridge, roadway, or piece of 
equipment, it is crucial to understand the environment that will surround 
the future project. This is particularly true for as-built structures, 
especially if they have been damaged by either man-made or natural causes. 
Due to the difficulty of obtaining 3D structural measurements, there is an 
increasing demand for the acquisition of geometric information and the 
texture character of spatial objects plus transforming them into a digital 
model image. Utilizing this tool makes it easier to engineer, design, manage, 
and monitor infrastructures (Qingquan). 
2.6.2 San Francisco City Hall Renovation 
Restructuring a damaged building, bridge, or roadway used to be a 
monumental task for engineers and surveyors. While renovating an intact 
structure is challenging, the biggest challenge involves repairing damaged 
infrastructure. 
Cyra's laser scanner experienced this type of situation when the 1998 
Loma Preita Earthquake struck San Francisco, California. To quickly and 
inexpensively repair this once highly functional City Hall structure, precise 
measurements of the remaining structure needed to be collected. Two 
portions of the City Hall were scanned with a Cyrax 2400: laser scanner, 
the trusses and dome structure. Accurate measurements and details of the 
structure were crucial to reconstructing this structure back to its original 
shape and form. 
The truss connections, a series of 4-foot-high by 20-foot-long 
horizontal trusses, were the first portion scanned. These trusses supported 
the domed portion of City Hall. The connections between the trusses 
contained six bolts. To precisely fabricate and install the new trusses, the 
centerlines of the original truss bolts were vital. The dome structure (Figure 
2.8) contained the actual dome as well as a false dome beneath it. The 
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locations of the trusses and joints made them virtually inaccessible for 
traditional manual measuring methods. Even electronic total station 
measuring techniques were not feasible, because there was no reasonable 
way to attach electronic distance measurement (EDM) reflecting targets to 
the bolts. Cyra's reflectorless, remote-scanning capability was able to 
overcome these issues and generate useful results (Figure 2. 9). Another 
Cyrax advantage was that it did not interfere with ongoing construction at 
the site (San Francisco). 
Figure 2.8. 3D point cloud image of San Francisco City Hall 
Figure 2. 9. Steel truss dome 
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2.6.3 Joaquin Miller Chapel Cave Survey 
For years, the National Park Service (NPS) has struggled with 
traditional surveying methods to produce 2D maps of cave layouts. Some of 
the holes and crevices within a cave can be difficult to measure and 
visualize with a total station (Amand, 1999). 
It was in 1999 when Jack LeRoy, with Jack W. LeRoy and Associates, 
discovered the abilities of the Cyrax laser scanning system. Imagining the 
detailed maps that they could produce with this system plus the savings 
that would result, Jack showed a video to the NPS. Like most past viewers, 
they were convinced immediately. Along with having detailed maps for the 
public to view, they inst~tly saw that this technology could provide the 
disabled community a chance to glimpse inside the caves. Pacific Survey 
Supply in Nedford, Oregon, supplied LeRoy's crew with a Cyrax 2400 unit, 
which was used to scan one room inside the Joaquin Miller Chapel (Figure 
2.10), one of the numerous caves. In three days, the crew captured more 
than 35 million points (Figure 2.11). Since the cave contained a lot of detail, 
multiple scans had to be performed and stitched together to develop a 
complete 3D image (Figure 2.12). LeRoy realized that this type of work 
would have been impossible with conventional measuring and modeling 
methods (Amand, 1999). 
2.6.4 Detroit Edison's Monroe Power Plant 
One of the largest fossil fuel plants in the United States, Detroit 
Edison's Monroe Power Plant, had to undergo a major retrofit to meet newly 
updated federal emission guidelines. Accurate measurements and detailed 
information was crucial to successfully complete the project on time and 
within budget. The only areas of the plant that needed to comply with the 
guidelines were the 13-story boiler house and a few associated structures 
(Figure 2.13). Due to the equipment layout, it was physically impossible to 
produce a 3D model of the building. Two traditional methods previously 
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Figure 2 .10. Joaquin Miller Chapel Twin Sisters Cave 
Figure 2 .11. 3D point clouds captured with Cyrill{ 2400 laser scanner 
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Figure 2.12. Shrink-wrapped 3D point cloud image 
used to map the plant were close-range photogrammetry and total station. 
These very expensive and time-consuming methods also posed a physical 
risk to the surveying crew, since they had to climb around on the 
equipment. Typically capturing data for such an immense structure would 
require scaffolding to be erected. A 3D model of the power plant created 
using the Cyrax laser scanning system and Cyclone software can be seen in 
Figure 2 .14. 
Raytheon Engineers and Constructors (RE&C) decided to research 
some other surveying methods. They estimated that by employing a 
reflectorless total station, such as the Cyrax 2400, approximately $10 
million would be saved. These savings would result from the decrease in 
rework that is usually needed when traditional methods are used. No 
scaffolding needed to be erected to capture any of the data for the tall 
structures. RE&C stated that this type of tool has decreased 3D plant 
design on "greenfield projects" from 6% to 1 % (RE&C, 2000). 
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Figure 2.13. Detroit Edison's Monroe power plant 
Figure 2.14. Cyrax 2400 laser scanned data modified with Cyclone software 
2.6.5 Pennsylvania Department of Transportation Pilot Projects 
The two types of survey projects that are most time-consuming for the 
Pennsylvania Department of Transportation (PennDOT) are bridges and 
rockfaces. It usually takes multiple crews working under hazardous 
conditions to capture all of the necessary data. The majority of their 
projects are difficult or physically impossible to survey. To overcome these 
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conditions, receive all of the data needed, and maintain safety, various 
reflectorless total stations were tested. 
When using the reflectorless total station, some of the problems 
experienced were confirmation of the beam hitting the object's surface and 
receiving a low return signal from the natural surface. The surveyors even 
had trouble identifying the targets placed throughout a rockface site; they 
tried shooting paintballs at the surface but it failed as well. 
In the summer of 1999, the PennDOT decided to test this newly 
created laser scanner. A two-lane bridge and rockface were scanned with a 
Cyrax 2400 laser scanning system. The data captured with the laser 
scanner was compared to traditional surveying methods, which proved to be 
incomparable for these two pilot projects. 
2.6.5.1 Spring Creek Bridge 
The PennDOT wanted to capture steel and concrete structures, the 
abutments, piers, and road surfaces approaching the bridge, and the terrain 
under it. They also wanted this technology to create as-built drawings and 
topography maps of the approaches. The CAD application that the 
PennDOT used was MicroStation. This software is capable of handling data 
processed with Cyclone 3.0. This way the PennDOT was able to capture all 
of the 3D measurements they desired and still achieve 2D or 3D drawings 
by simply exporting them into MicroStation. 
Five setup locations were needed to fully scan the structure (Figure 
2.15). It took approximately 10 minutes per location to move and set up the 
laser scanner. To prove its versatility and toughness, one of the setups was 
in a stream on an area of hard rock that flowed beneath the bridge. This 
setup captured the bottom part of the bridge (Figure 2.16). 
Fourteen control points were placed throughout the project site. The 
points allowed Cyra to register the multiple scans together. PennDOT also 
used a total station to get data on nine of the control points so they could be 
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Figure 2.15. Spring Creek Bridge 
Figure 2.16. Cyra staff setting up the Cyrax 2400 in the riverbed 
compared to the measurements that the scanner received. They discovered 
that the scanner met their accuracy requirements, which were two 
hundredths of a foot. 
The laser scanner scanned the area so quickly that the traffic passing 
through was picked up and represented by vertical lines on the laptop 
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screen. To analyze the data without the unnecessary points, staff deleted 
the vertical lines with the software and the final result was not even 
affected. Although, 3D points deleted from a view are not permanently 
deleted from the project database. 
It only took the two-person surveying crew 3.5 hours to complete 13 
scans, which were performed from the five setup locations. PennDOT spent 
only a total of 10 field hours to survey nine of the control points. 
When the area was surveyed with traditional methods, the four-
person crew collected all of the essential data in 3.5 days (112 hours). 
Approximately, 100 field hours were saved with the laser scanning system. 
Other daily expenses, such as hotels, meals, and fuel, were eliminated. 
Processing and manipulating the data with the Cyclone software only took 
28 hours and produced a 2D plan, section, and elevation drawings of the 
bridge and approaches (Appendix A). The traditional surveyed data required 
24 hours to input the measurements into MicroStation. When the final 
results (Figure 2 .1 7) are compared, one can see that laser scanning provides 
the better product (Foltz, 2000). 
Figure 2.17 . .Shrink-wrapped PennDOT bridge image 
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2.6.5.2 Mt. Pleasant Rockface 
In Mt. Pleasant, Pennsylvania, the engineers for a road-widening 
project could not agree upon how much rock needed to be removed . The 
only way to resolve the dispute was to survey the 2,200-foot-long x 300-foot-
high rockface (Figure 2 .18), which would be hazardous to complete 
successfully. The PennDOT contracted Cyra Technologies, Inc . to scan the 
site with their Cyrax 2400 unit. Before any rock was removed , the results 
were compared to the original survey of the rockface. 
Conventional methods would have required the crew to scale the 
rockface to place targets for a 50-foot grid. It was estimated that this 
method would have taken 2.5 weeks and four people to complete. 
PennDOT and Cyra decided that there was no need to survey the 
entire area, since a 500-foot-long x 200-foot-high wall section would provide 
enough information for full calculations and comparisons. Th e two-person 
Cyra crew scanned the area in 3.5 hours from six locations (Figure 2.19). It 
was estimated that the laser scanning system had saved the project 445 
hours of office and field time. The Cyclone software created vertical cut 
sections through the face, established different cut profiles and contours, 
(Figure 2.20), and developed volumetric calculations (Appendix B) (Foltz, 
2000) . 
Figure 2 . 18. Mt. Pleasant Rockface wall 
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Figure 2.19. Overlay of multiple scans 
Figure 2.20. Contours developed with Cyclone 3.0 software and transferred 
into AutoCAD 
2.6.6 Lost Smile of Buddha Statue 
Laser scanning captures thousands of points from bridges, roadways, 
power plants, and various other sites and structures. It can also detect 
cracks as small as 1 / 8 of an inch wide. I ts accuracy was proven once again 
when the "lost smile" of a Buddha statue was found with the scanning 
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abilities of the Cyrax 2500 laser scanner. A smile of an ancient stone 
carving located above the mountains of KyoungJu in Korea was not visible 
to the naked eye. After seven separate scans, in a few hours, the smile was 
discovered with the pulsing laser beam (3D Scanner). 
2.6.7 P&M Coal 
To calculate the volume of coal and material mined from an open pit 
coal mine, surveyors must walk along the top and bottom of the mine walls 
to collect 3D points, raising many safety concerns. P&M Coal wanted to test 
the laser scanning technology in their Kemmerer, WY mine. Their goals 
were to produce contours and 2D drawings in addition to volume 
calculations of the mined material (Figure 2.21). A 300-foot-wide x 40-foot-
high wall was scanned in July 1997 with a Cyrax Beta System. It took two 
days to scan the wall with one setup each day and two scans performed at 
each setup, which took less than an hour. P&M stated that a minimum of 
50% of costs could be saved with this new surveying tool, which also 
improved safety (Profiles). 
Figure 2.21. P&M coal volume picture 
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2.7 Recognitions 
In 1989, the Construction Innovation Forum established the NOVA 
award, which recognizes innovations that are significant advances, improves 
quality, and reduces expenses in the construction industry. This 
prestigious award is conveyed for progress in all areas of the industry. It 
also includes "innovations in the construction process, and in materials, 
design, detailing, fabrication, equipment, procurement, contract 
administration, management, labor relations, training, and safety." The 
NOVA Award also recognizes projects that creatively modified concepts and 
methods. Cyra Technologies, Detroit Edison, and RE&C jointly won the 
honorary 2000 NOVA Award for the Detroit Edison environmental retrofit 
project that utilized Cyra's laser scanning unit, the Cyrax 2400 (Laser-
Scanning). The Research and Development (R&D) award was also granted 
to the state-of-the-art Cyrax 2400 laser scanning system. Some other R&D 
award winners were the liquid c:rystal display, Kodak photo compact disc 
(CD), color graphics printer, fax machine, touch screen, and the automated 
teller machine (ATM). 
Laser scanning has been extensively compared to other technological 
breakthroughs such as Electronic Distance Measurement (EDM), Global 
Positioning System (GPS), Computer-Aided Design (CAD), and even the 
invention of photography. 
2.8 Other Laser Scanning Systems 
Competition in the laser scanning industry is notably scarce because 
it is the latest innovation. Some of the other manufacturers, besides Cyra 
Technology, Inc. are Mensi, Maptek, and Callidus. Each of these rivals 
designs and produces their own laser scanning systems. All of them operate 
in the same fashion, but there are distinguishing differences. 
Some of the similarities of each of these manufacturers are as follows: 
transform collected data into a CAD application software, operate without 
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external lighting, capture images of the site with a video camera, and utilize 
a mirror-stabilized, time-of-flight ranging laser beam to create dimensionally 
accurate 3D maps of physical structures. 
2.8.1 I-Site - Maptek 
The I-Site system developed by Maptek (Figure 2.22) is comprised of a 
pulsed diode laser, a return beam detection device, and a beam deflection 
mechanism. The scanner is controlled through a laptop computer that is 
also used for data acquisition. The range measurement is derived from the 
two-way travel time of a laser pulse. The orientation (elevation and azimuth) 
of the transmitted pulse and the energy of the return pulse are measured by 
the beam detection system. I ts physical characteristics--21 cm diameter by 
44 cm height and 13.5 kg weight-allow it to be mounted on a standard 
surveying tripod, which makes it simple for a single person to set up and 
operate in the field. A full scan over the horizontal range of 300° of arc and 
80° in the vertical takes about 6 minutes, resulting in a data volume in 
excess of 2 million points. The system has a scanning range of 2 m to 350 
Figure 2.22. I-Site laser scanning system 
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m with an accuracy of 2.5 cm. The rotating polygonal mirror, within the 
laser scanner, directs the laser beam in the vertical direction (fast scan) and 
then the entire head rotates to move the beam in the horizontal direction 
(slow scan). The I-Site is capable of capturing 6,000 measurements per 
second. Color, roughness, and ambient lighting affect the amount of energy 
reflected, which in turn affects the appearance of the data collected. The 
data is manipulated using their own software package known as Vulcan 3D 
(Airey, 2000). 
2.8.2 SOISIC - Mensi 
The French Company Mensi developed their laser scanning system 
and patented it as the Soisic scanner. Four different types of scanners were 
developed, and each one has varying scanning abilities. 
The Soisic scanner weighs approximately 14 kg and a small generator 
powers it. Registering multiple scans together is accomplished with 
software called 3Dipsos by using reference surfaces located somewhere in 
the scene. The Soisic scanners are also based on a plane triangulation 
principle and a low-powered laser beam (visible laser diode) that is deflected 
by a scanning mirror. A linear laser driven (LLD) camera fastened on the 
same platform observes each position of the laser on the object. The third 
dimension is obtained by pivoting the platform around the mirror-camera 
axis, giving a line-after-line scan (Soisic Technical). 
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CHAPTER 3. RESEARCH APPLICATION/PROCEDURES 
3.1 Overview 
This section describes the research application and procedures used 
to conduct this study. It includes a description of the total station Global 
Positioning System (GPS), video logging, and laser scanning familiarity 
survey distributed to county, city, and private engineers and surveyors in 
Iowa, as well as a summary of the workshop seminar provided for the 
survey respondents. Also, a description of the site selection process used 
for evaluating service provider data collection technologies, a description of 
the laser scanning test site, a description of the laser scanning equipment 
and software used to collect the data, as well as a description of the as-
builts is mentioned in this section. 
3.2 Data Collection Technologies Workshop Seminar and Survey 
From the beginning the research team allotted time and money to 
coordinate a workshop seminar focusing on data collection technologies on 
roadside features, utilizing total station GPS, video logging, and laser 
scanning. Prior to starting an invitation list it was essential to decide on 
who would be sent a registration form. The research team agreed that 
county, city, and private land surveyors would gain the most experience 
from attending. 
To gain a better understanding of these professionals knowledge on 
data collection technologies, a survey was prepared and distributed to 
various engineers and land surveyors in Iowa. The survey's purpose was to 
determine their level of knowledge in Geographic Information System (GIS), 
total station survey, and laser scanning. 
Part of the original research project criteria agreed upon by the Iowa 
Department of Transportation (IDOT) and Iowa State University (ISU) in 
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Ames was to determine the abilities of the newly found laser scanning 
surveying method. However, this section of the research was cancelled 
because the IDOT believed that this technology was not accurate enough for 
their needs. They stated that they required measurements, on their bridge 
surveys, less than 2 mm of the actual three-dimensional (3D) coordinate. 
However, the Ames IDOT currently uses the Global Positioning System 
(GPS) total station, survey method and the accuracy of this type of 
equipment is only within 1 to 2 cm. This accuracy level is far less precise 
than the final results produced with a Cyrax unit, which has an accuracy 
range of 2 to 6 mm. 
The survey (Appendix C) was sent to 300 registered professional 
engineers (PE) and land surveyors (LS) within the IDOT and to 150 private 
and independent PE's and LS's. Each of the 60 respondents was asked 
eight questions based on their types of licenses, responsibilities, and 
familiarity with the three surveying methods listed earlier. The results are 
based on 37 surveys collected from various county engineers, eight surveys 
from city engineers, and 15 surveys gathered from private civil engineering 
companies. 
From the 60 survey respondents, only 30 were asked to attend a 
workshop program on data collection technologies for roadside features and 
as-built surveys. Iowa State University Sigma Lambda Chi and American 
Congress on Surveying and Mapping chapters presented the program, 
which was held on May 2, 2001. The program consisted of three seminars: 
laser scanning technology, real time kinematic (RTK), and 3D GIS. The 
objectives of the workshop was to demonstrate total station GPS and video 
logging methods for capturing roadside feature data, as well as, to learn how 
the data can be inputted into GIS for better planning and management of 
transportation infrastructure. Plus, laser scanning was introduced as a 
viable data-capturing tool and demonstrated by scanning in the research 
test site selected for this study. 
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The speakers that presented the information on the three seminars 
are as follows: 1) Seminar 1-Laser Scanning Technology, presented by 
Cynthia K. Patterson, 2) Seminar 2-RTK, presented by Panjetty-
Kumaradeuan S.K., and 3) Seminar 3-3D GIS, presented by Dwipen 
Bhagawati. 
3.3 Site Selection 
The research test sites selected for the survey study, Technology 
transfer of "As-Built and Preliminruy Surveys" by total station GPS, video 
logging, and laser scanning, were chosen because they represented three 
different environments and road conditions. These representative sites are 
as follows: 1) Electronic Data Management (EDM) calibration baseline 
southwest of Ames, 2) railroad bridge overpass on Grand Avenue at the 
intersection of Lincoln Way in Ames (Figure 3.1), and 3) on US Highway 30 
and south of Nevada, Iowa. To calibrate the surveying instruments, the 
baseline was set up southwest of Ames in a ditch by a rural road. This site 
is representative of a rural road where minimal roadside features are found 
and need to be mapped. The Lincoln Way-Grand Avenue site is in the heart 
of Ames, covering parts of Lincoln Way, Grand Avenue, and some of the 
surrounding areas. It is located over US Highway No. 69, also known as 
Grand Avenue. It is a representative sample of both residential and city 
metropolitan areas. The site consists of several roadside features, including 
a railroad bridge, light poles, and manholes. The third site is a freeway road 
environment consisting of a section of US Highway 30 near the city of 
Nevada. It is a divided highway and includes relevant roadside features 
(Dwipen, 2001). 
The railroad bridge site was selected to capture data with a laser 
scanner due to the extensive detail and information that could be obtained 
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Figure 3.1. Lincoln Way railroad bridge-Northwest view 
from the bridge alone. Since a Mr. Dalstrom first designed it in 1937, the 
bridge has undergone several structural modifications. The original hand-
sketched drawings of the bridge (Appendix E) showed piles acting as the 
foundc~.tion, holding up the bridge and distributing its moment forces 
throughout the surrounding area. The American Bridge Company modified 
the bridge in 1938. During this time the bridge was located a 1/10 of a mile 
west of Ames. It was constructed with twelve columns resting on two piers 
and wide-flange beams running east and west. The beam spans run the 
length between the abutments and columns and between the piers (Figure 
3.2). 
3.4 Laser Scanning Test Site Selection 
As previously mentioned, the Lincoln Way and Grand Avenue site was 
selected to preview the laser scanning technology. Since the bridge is 
almost 75 years old, several indications of wear and tear and strain were 
visible. Not only did the scanner pick up the structures fracture marks, it 
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also captured bridge detail that would provide the IDOT with ample useful 
information during bridge repair and renovation. 
As seen in Figure 3. 3, the bridge overpass has been reconstructed 
since 1937. Two piers, one on the east and one on the west, and six 
columns act as the structure's pedestal. The bridge contains two sets of 
tracks (Figure 3.4). Many points on bridges are difficult, if not virtually 
impossible, to physically acquire. As Figure 3.5 shows, however, laser 
scanning can reveal such details beam support connections. Refer to 
Appendix F for additional photographic images of the test site. 
Conventional bridge surveys also take a long time to conduct and pose 
safety risks because they often involve roadways and passing traffic. 
3.5 Bridge Data Collection with Laser Scanning System 
The methodology used in this research is primarily a comparison of 
two vastly different types of surveying methods, conventional versus laser 
scanning. In the following sections, the equipment and software used to 
collect the required data are described in detail as well as, the process of 
transferring the original 1937 drawings to AutoCAD. This information 
describes how the equipment and software operate and function in reality. 
Figure 3.2. Close-up view of railroad bridge track beams 
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Figure 3.3. Lincoln Way railroad bridge-Southwest view 
Figure 3.4. Lincoln Way railroad bridge-West view 
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Figure 3.5. Beam support connection 
3.5.1 Laser Scanning Equipment 
The Cyrax 2500 laser scanner (Figure 3.6) donated by an independent 
surveying company located in Chicago, Illinois, collected over 500,000 
points from the railroad bridge test site. Tim Woodruff with Cyra 
Technologies, Inc. in Overland Park, Colorado, performed five different scans 
from five setup locations (Figure 3.7). It took approximately 10 minutes per 
location to set up the scanner for operation. Motor-driven, rotating mirrors 
(Figure 3.8) housed within the scanner collected the railroad bridge data in 
3.5 hours. "The mirrors rapidly sweep the scanner's pulsing laser beam 
over the area to be measured. Scanning occurs as consecutive columns of 
sequenced points that rapidly paint a detailed, raster-style 3D image of the 
selected area (Cyrax 2500 3D). As the data was being collected, 3D point 
clouds were previewed on the laptop screen. During the scanning process, 
Woodruff rotated and manipulated the data to show workshop viewers the 
power of the laser scanning system and the Cyclone 3.0 Computer Graphics 
Perception (CGP) software. 
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Figure 3.6. Cyrax 2500 laser scanning system 
Figure 3.7. Scanned data from second set up 
3.5.2 Cyclone 3.0 Software 
Woodruff then performed the post-processing of the data during the 
Video Logging and GIS Workshop held in the lobby of the Town Engineering 
Building at ISU. He only had 2.5 hours to prepare the processed data for 
the workshop. He utilized Cyra's Cyclone 3.0 laser scanning software to 
register the multiple scans together (Figure 3 . 9) as well as provide various 
views and descriptive information. 
44 
Figure 3.8. Rotating mirrors inside the Cyrill{ laser scanner 
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Figure 3.9. Registering multiple scans together in Cyclone 3.0 
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In addition to controlling the Cyrax scanner, it [the software] also 
offers a full range of 3D model creation and manipulation tools. With it, you 
can determine distance information and create accurate 3D design models 
to insert into the scanned data. Once these models are inserted, you can 
visually check them against point clouds for potential interferences. Of 
course, you can then conve'rt this data into two-dimensional (2D) AutoCAD 
and MicroStation drawings (Goldberg). 
The Cyclone CGP software can run on most mid-range laptops above 
366 MHz, the minimum recommended configuration. The scan density is 
set, with the top density being a close grid of 1 mm spacing between each 
point. Then the particular area of interest is selected and scanned. Within 
minutes, a 3D point cloud model is captured directly in CGP, with an 
accuracy of less than 6 mm ( 1 / 4 inch) maximum error at a range of 150 
feet. Overall, the system can capture an area several. times larger than this. 
The software has a built-in global registration tool that can stitch 
multiple scans together. To stitch scans together targets are used (Figure 
3.10). However, if just one view is needed, then the scanner does not 
require any targets to be distributed throughout the selected site. 
The following sections describe how to use some of the Cyclone 3.0 
processing tools and provide some examples to illustrate the narrative. This 
information and pictures were provided by the Cadence Channel website 
(Greco). 
Figure 3.10. Placing targets on a bridge for multiple scans 
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3.5.2.1 Creating Polygons from Points 
The CGP software opens to an isolated "Main Window" 
consisting of a menu bar with only four menus and no "screen area." 
Getting started is not a problem, however, because a click on the File 
menu allows the Open command to be selected. When a model is 
opened, it has its own File menu. Employing the Open command in 
this File menu closes the current file, while the same action in the File 
menu of the Main Window opens a second file, leaving the first 
untouched. While different than most Windows programs, one soon 
gets used to it. CGP comes with several point-cloud models as well as 
some completed polygonal models that are all part of a comprehensive 
tutorial included with the package. 
The process of converting points to polygons begins by using 
the Partition tool. Selecting the data points is easy; just draw a 
rectangular box over any area. However, selecting a group of points 
defined by a multi-sided shape is a bit tricky. For example, if you 
scanned some pipes and wanted to select a section of the pipe and 
convert it to a cylinder, you first have to position the point cloud scan 
after the Partition tool is picked to ensure that there is no other . 
unwanted data behind the desired pipe that can be inadvertently 
selected. 
To select only a particular area of points, the CTRL key must be 
held down while the mouse is used to pick the points that define the 
fence's boundary. A useful option is that by clicking and dragging (as 
opposed to clicking and clicking) a lasso-type fence can be created. In 
either case, once the fence is complete, you must left click inside the 
fence to select every point and then perform a CTRL+right mouse click 
that highlights only those points inside the newly created fence. 
Initially, these steps are awkward, and it takes a few tries to get used 
to. Once selected, the appropriate geometry can be requested, for 
instance, a cylinder representing a pipe. 
However, in certain areas, another tool called Local 
Segmentation makes this process easier. With this tool, it becomes 
possible to click on a few points of an object, such as near the lip of a 
pipe, without holding down any keys. With a right mouse click, the 
Local Segmentation command becomes available from the menu that 
pops up. Next, a window opens with a slider that allows you to 
manually grow or shrink the highlighted area, somewhat like the 
tolerance settings in Photoshop' s lasso tool. Once you are satisfied 
with the highlighted area, a click on the OK button turns the selected 
points into a CAD-compatible geometric object. As Figure 3.11 shows, 
this type of semi-autorecognition is one of the program's most 
powerful features. An Auto Segmentation tool also can be used, but it 
still requires some improvement. 
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As the model starts to take form, CGP has some interesting 
tools to help with its progression. One is the Extend tool, which 
automatically extends one object to another or to a plane. With the 
Elbow command shown in Figure 3.12, two cylinders can be extended 
to automatically form an elbow. The tool can also be used to connect a 
pipe to a floor. 
As Figure 3.13 illustrates, the finished polygonal model can be 
rendered. Other options adjust the lighting and add fog; incidentally, 
these also work on the point cloud data. It is relatively easy to place a 
dimension on any section of the model that has been converted to 
polygons; there is also a command to generate all of the dimensions at 
once. 
However, the software will not perform miracles. If a car hood 
containing a slight protrusion in its center is scanned CGP will not 
automatically wrap the new polygon around the points, when they are 
selected and a patch is requested. Instead the hood has to be created 
in segments. Fortunately there is a Mirror tool for cases like this 
(Greco). 
Figure 3.11. Cyclone's local segmentation tool helps users select the 
necessary points 
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Figure 3.12. The two cylinders can be joined by the elbow command 
Figure 3. 13. Rendered image in Cyclone software 
3.5.2.2 Modeling 
Although Cyra does not consider CGP to be a modeling 
program, it is used to perform conceptual design or to explore design 
alternatives. An impressive number of 3D primitives can be created 
from scratch, without data points. As seen in Figure 3.14, the user 
interface for creating them is easy and straightforward. Simply go to 
the Insert menu and select the item needed, including shapes such as 
cones, boxes, and cylinders, as well as specific items such as elbows 
and valve symbols. 
The editing of shapes is even more impressive; Cyra has put 
more thought into this aspect than many so-called modeling 
programs. Editing a cone, for example, allows for IronCAD-type 
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editing handles, as illustrated in Figure 3.15. Moving an entity is also 
clever, although sometimes a little confusing. To move an item such 
as a box, grab the center red handle and drag; by default it can be 
freely moved in space. Hit the x key, and it is locked along the x axis; 
they and z keys employ the same principle. When a key, such as x, is 
hit a second time, the object can move freely in space again; another 
stroke of the key then locks it into the z axis. When the x key is hit 
for a fourth time, you expect they axis to be up next, but it returns x. 
The same is true with the other keys as well. While not a major 
problem, it does seem illogical (Greco). 
Figure 3.14. Steel member specified in Cyclone software 
Figure 3.15. Cyclone software edits this cone to give it a new shape 
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3.5.2.3 Navigating 
Moving around the model, eit}:ler as a point cloud or 3D 
polygon, is easy, especially if the Target tool is used to select the point 
around which the model rotates. Three virtual wheels can be used to 
independently rotate the model in either the x or y direction or to 
zoom. A separate Hand tool allows for tri-axis rotation when the left 
mouse button is depressed. Using the same tool with the right mouse 
button depressed pans the screen while both buttons zoom in and 
out. The capabilities of this Hand tool can be accessed at any time, 
no matter what tool is current. By holding down the Alt key, you can 
rotate, pan, and zoom; release and you return to the selected tool 
(Greco). 
3.5.2.4 2D Drawings 
There are two ways to create 2D drawings. As 3D items are 
created, layers can be set up to manage the data. When the software 
exports drawing exchange file (DXF) drawings created from 
orthographic views of the models, these layers are retained in 
AutoCAD. Although most colors turned to white, this was easy to fix, 
as Figure 3.16 shows. Individual CGP layers can also be exported. 
When imported into AutoCAD, the DXF file contains the 3D 
information. 
Results varied when working with other programs. For instance, 
in SolidWorks' 2D drafting mode, certain parts of the drawing looked 
almost hand sketched. This is something to be tested, depending on 
which CAD software you have. Regardless of your CAD program, do 
not expect clean, crisp drawings. Circles are segmented, and the views 
are a bit skewed because when you create a DXF file in CGP from a 
2D view, it is not truly orthographic. The software can also export 
virtual reality modeling language (VRML), Wavefront object (OBJ) files, 
as well as MicroStation design (DGN) and Pro/E neutral format (NEU). 
The point cloud can also be exported as a standard PTS file in case it 
is needed in another application. 
The second way to create 2D drawings takes advantage of the 
fact that you can slice cross sections of the 3D point cloud in any 
direction. The software can then convert the 2D slices into 2D 
drawings such as plans, sections, and elevations (Greco). 
3.6 Creating a 30 Model of the Railroad Bridge in AutoCAD 
Traditional surveyors capture data with either a total station or GPS 
total station. Once they have received what they think is enough 
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Figure 3.16. A 2D file opened in AutoCAD 2000 
information, they then input this data into a 3D design application, such as 
AutoCAD or MicroStation. 
The IDOT did not have any data on the railroad bridge transferred 
into MicroStation. However, they did have a diagram created in GIS Ardnfo 
(Figure 3.17). The coordinates could be received when selecting a point on 
the bridge. 
The only set of plans in IDOT's archives was a hand-drawn set created 
in 1937 (Appendix E), which did not reflect the changes made to the bridge 
over the years. To have a model to compare to the one created by the laser 
scanning software, the engineered sketches were transferred into AutoCAD. 
This procedure was very time consuming, because approximately 25% 
of the dimensions were missing. From the other sheets in the plan set, the 
research team was able to estimate what the needed dimensions should be. 
This process produced low accuracy results, but it gave the research team 
an idea of what was contained within the bridge's structure and also 
provided some sort of an as-built model for comparison. 
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Figure 3.17. Railroad bridge data shown in GIS Arclnfo software 
The group also had to interpret the bridge's dimensions from a plan 
set on 1 lxl 7 paper. The IDOT did not keep 24x36 plans. Due to storage 
considerations, they tried to enlarge them on a copier, but this effort was 
unsuccessful because the markings on the plans were apparently made in 
ink. 
It took about 85 hours to transfer these drawings into AutoCAD 
(Figure 3.18) . Unfortunately, due to various deadlines, the research team 
was unable to create the railroad tracks on top of the bridge. However, the 
majority of the bridge was completed, and it provided the team with 
information about the bridge's structure. Various AutoCAD views of the 
bridge can be seen in Appendix F. 
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Figure 3.18. Railroad bridge with pier rebar 
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CHAPTER 4. FINDINGS/DISCUSSIONS 
4.1 Overview 
This section discusses the results of the survey distributed to 450 
engineers and surveyors. The actual survey asked questions concerning 
total station Global Positioning System (GPS), video logging, and laser 
scanning. Moreover, a discussion of Cyra's concerns regarding the test is 
included along with some minor problems and their solutions. The 
comparison between the total station GPS and the laser scanning data is 
also presented in the next section. 
4.2 Survey Results 
As previously discussed in the research approach, this survey 
determined the knowledge of survey respondents. In response, a workshop 
needed to be presented to inform these individuals of this new technology. 
The survey results indicate that there is a lack of knowledge about laser 
scanning by Iowa engineers and surveyors. Only 19% of the survey 
respondents were familiar with the benefits of laser scanning (Figure 4.1), 
and only 2% currently use it to collect data (Figure 4.2). Of course, this 
number can be expected to be low since laser scanning has only existed 
since its first creation by Cyra Technologies in 1995. City of Des Moines 
staff composed the 2% who that had used laser scanning to capture 
roadside features. 
The roadside feature related responsibilities of these engineers and 
surveyors were also collected. While this factor did not determine whether 
an informational workshop would be presented, it was taken into 
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design, maintenance, right-of-way (ROW) surveys, construction, preliminary 
surveys, as-built surveys, electronic data management (EDM), and 
traffic/ safety studies. Appendix D compares the responsibility factors given. 
Appendix D also provides the results from the other questions asked on the 
survey. 
4.3 Cyra Technology, Inc. Participation 
The research team asked this company to assist them by providing 
information, about their company and about their scientific equipment, the 
Cyrax laser scanner. When the research team presented the survey results, 
the need for training was rated as very high. Cyra was then asked to 
sponsor a workshop and perform a field demonstration for the attendees. 
They graciously assisted the Iowa State University (ISU) research team in 
every way possible. 
Prior to scanning the test site, Cyra staff visited the railroad bridge to 
determine the number of setup locations that would be needed and to 
determine where to install the targets. The following morning they began to 
prepare the site for scanning. Instead of firmly taping or anchoring the 
targets onto the structure and surrounding regions, the staff decided 
enough, for our workshop, to simply lay them against the structure. 
Unfortunately, the rainy, windy weather throughout the day blew two of the 
unattached targets over. To register multiple scans together, the targets 
must remain in the exact same location throughout all the scans. Normally 
the scanning procedure would have been repeated. However, the strict time 
frame precluded this possibility. Since this data was being collected to 
demonstrate their product, three registered scans would provide a decent 
model to visualize the bridge. As stated earlier, Cyra staff only had a few 
hours to collect the data and process it before they presented to the group. 
In any case 70% of the bridge had already been scanned, giving Cyra 
adequate information to process. Instead of registering the five scans from 
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the five setup locations together only three were registered successfully. 
However, the workshop was a complete success; the attendees were amazed 
by the amount of information that had been collected and the various 
models that could be processed with the Cyclone software. 
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CHAPTER 5. RESEARCH TEST RESULTS 
5.1 Overview 
Originally, the accuracy of the laser scanning system was going to be 
determined by comparing the points captured to the coordinates inputted 
into the bridge data in Arc/Info, which is the Geographical Information 
System (GIS) software used by the IDOT. Since Cyra did not collect any 
survey-grade coordinates with a total station, the laser scanned data could 
only be used to compare distances. In view of the fact that the reputation of 
the accuracy of the Cyrax laser scanner has already been established, the 
research team felt it would be satisfactory to compare distances taken from 
the laser scanned data, the as-builts in AutoCAD, and by manual 
measurements. 
5.2 Test Procedures 
As stated earlier, Cyra determined that five scans would be needed to 
capture all the data on the bridge. Two of the five targets (Figure 5.1) that 
were laid against the structure, for registration purposes, were blown over 
by the strong winds, as the fourth and fifth scan of the bridge were in 
progress. Due to this disruption, the fourth and fifth scans could not be 
registered to the first three scans taken. The three scans were registered 
together to produce a three-dimensional (3D) model. 
The thousands of data points captured with the laser scanning 
system were referenced to the location of the laser scanner and not to actual 
surveyed points. To receive survey-grade coordinates at least three points 
need to be captured with a total station. This information then needs to be 
inserted into the scanned data in Cyclone 3.0, which will produce actual 
coordinates of each and every point scanned. 
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Figure 5.1. Two of the targets used to register the scans 
5.3 Analysis of Laser Scanning Data Compared to the As-Builts, AutoCAD 
Drawings, and Manual Measurements 
The laser scanned data was made available to the research group in 
Cyra's data processing software, Cyclone 3. 0, as well as in a form 
compatible to AutoCAD. The measurements taken from the scanned data 
were distances between the six columns on the east pier, pier one (P 1) 
(Figure 5.2), distances between two of the three manholes captured (Figure 
5.3), height measurements of column one (Cl) through column six (C6) on 
Pl (Figure 5.4), east abutment height measurements (Figure 5.5), and 
various other measurements (Table 5.1). Refer to Appendix G for additional 
laser scanning images. 
The Cyclone 3.0 data was compared to the 1937 drawings of the 
bridge, which was transferred to AutoCAD. However, the AutoCAD 
drawings did not contain any data pertaining to the manholes. Due to this, 
the comparison between the AutoCAD drawings and laser scanning is not 
available. The other measurements that were unsuccessful to obtain from 
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Figure 5.2. Pier 1 (Pl), columns 1 (Cl) through 6 (C6) 
C:,:, Mo.Jr.1S p<1ce ModclSpdr.e (Sc<1n\l/01lrl 11 l!llfilEJ 
Figure 5.3. Manholes distances extracted with Cyclone 3.0 software 
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Figure 5.4. Height measurement of P1C6 
Figure 5.5. East abutment-South view 
Table 5.1. Comparison of data collection technologies performed on research test site 
Difference lmml 
Cyclone/ Cyclone/ 
Description AutoCAD Drawinas Un) Tape Measure (in) Total Station (m) Cyclone (m) Tape AutoCAD 
Distance Between Columns: 
P1 C6 and P1 C5 128 135 318 3.445 3.443 4.475 191.800 
P1 C5 and P1 C4 82 89 518 2.283 2.280 3.525 197.200 
P1 C4 and P1 C3 128 135 118 3.428 3.432 0.175 180.800 
P1 C3 and P1 C2 128 135 5/16 3.444 3.440 3.062 188.800 
P1 C2 and P1 C1 128 135 1/16 3.421 3.424 6.588 172.800 
Distance Between Manhole 1 & 2 ... 1135 3/16 28.835 28.829 4.763 . .. 
Distance Between 2 SE Beams ·-· 8 7/16 ... 0.209 5.313 ---
Railroad Track Beam Width ... 13 7/16 . .. 0.345 3.687 . .. 
Railroad track beam tvoe: 
East end W.F. Beams 24" x 87" x 74 ... VV36x210 - closest . .. ... 
Middle W.F. Beams 33" x 11-1/4" x 152 ... ... . .. . .. 
West end W.F. Beams 24" x 87" x 74 ... \/V36x210 - closest ... . .. 
Pier 1 (P1) Column Measurements: 30 X 30 22 5/8 X 23 --- ... ·--
P1 C6 - Heiaht 147 11/16 156 1n6 ... 3.958 5.987 206.000 
P1 C1 - Heiaht 140 11/16 146 13/16 ... 3.729 0.037 156.000 
Pier 1 (P1) Width: 48 48 718 1.245 1.246 4.575 26.800 
Distance between P1 C6 and P1 C5 from 
the top of the pier to the bottom of the 
concrete horizontal column connecting 
member 120 5/16 121 118 ... 3.080 3.425 24.000 
HeiQht of SE Abutment-lower section ... 119 3/16 3.028 3.023 4.362 . .. 
























using a tape measure and total station and from the AutoCAD drawings are 
also shown in Table 5.1. 
In this table, the column labeled laser scanning corresponds to the 
values at which distance information was logged while the scanner captured 
data over the selected site. The research team then compared the values 
and calculated any differences. As can be seen for the distance between 
manhole one and manhole two, laser scanning is within sub-millimeter 
difference of the ground truth. For the pier values taken, they too are well 
inside sub-millimeter disparity for all six columns. Another valuable 
comparison was the height of the SE abutment (Figure 5.5), which was had 
sub-millimeter variation. This type of analysis was performed for the 
remaining comparisons described in Table 5.1 and it was found that laser 
scanning was consistently within a sub-millimeter difference. The research 
team also found that highly detailed scans of the railroad track beam 
connections provided them with the ability to obtain the distances between 
each and every bolt fastened through the connecting plates (Figure 5.6). 
Cyra stated that accuracy and completeness of data is dependent on 
the needs of the customer. Cyra acknowledged that each project is looked 
at individually before they commit to a price. For general information, less 
intense, detailed scans are taken, but for projects that deal with high value 
renovations higher intense and more scans are likely to be performed. To 
purchase the Cyrax laser scanning system costs about $175,000 or to lease 
it runs about $3,000 a day. 
5.4 Laser Scanning Test Summary 
Overall, the Cyrax laser scanner performed a thousand times better 
than its competitors. The amount of data collected in a 10 minute single 
scan contains more points of information that any surveyor could capture in 
a week. The accuracy of this system puts the surveying industry on a whole 
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Figure 5. 6. Detailed connection measurements extracted in Cyclone 3. 0 
new level of modern technology. When the scanned data was compared to 
the ground truth data collected by the research team, they were consistently 
within sub-millimeter accuracy coupled with thousands of points of data 
contained in a 3D virtual model. The test conditions around the railroad 
bridge contained many unique features, but Cyrax was able to capture the 
bolt locations, fractures in the structure, rain pouring down, traffic passing 
through, as well as a pigeon resting underneath the bridge. The research 
team was unable to obtain actual coordinates from the data since a survey 
was not performed on the test site, but as stated by Cyra, these can be 
easily obtained by just collecting three points with a total station. From this 
analysis the research team concludes that Cyra's laser scanner and 
software is highly capable of capturing survey-grade coordinates and 
processing the large amount of data and developing detailed models. 
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CHAPTER 6. CONCLUSIONS 
6.1 Summary 
This project documents a study on the abilities to gather large amounts 
of data on a structure in the fastest, inexpensive, and accurate way. The 
research methodology involved: 1) providing a literature review in the area 
of current conventional and laser scanning surveying methods, 2) better 
understanding the knowledge and previous use of total station, GIS, and 
laser scanning of Iowa surveyors, 3) selecting the research test site, 4) 
inviting service providers to scan in the selected test site, 5) collecting 
detailed information on service provider equipment and costs, and 6) 
evaluating the accuracy of the service provider results. 
The literature review revealed a significant interest by power plant and 
oil companies and the United States departments of transportation and 
armed forces. The survey helped identify the knowledge and any previous 
use Iowa surveyors had of total stations, Geographic Information Systems 
(GIS), and laser scanners. 
Before the "reflectorless total station" was developed, the surveying 
field increased its productivity with laser distance measurement. This 
technique combined the abilities of automation, high precision, high speed, 
cost efficiency, and dense grid data (Qingquan). As previously mentioned, 
the high sample point density provided by laser scanner technology offers 
surveyors and photogrammetrists a wealth of design and maintenance 
information for any type and size of project. 
6.2 Recommendations 
A few barriers need to be addressed and resolved for the next 
generation laser scanner. For example, none of the current systems address 
measurement accuracy requirements tighter than 2 mm, and the scanner 
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must be stationary, usually by being mounted on a tripod, while it is 
scanning. Also, some surfaces such as mirrors and pure black surfaces 
cannot be scanned well. However, they can be temperature treated with 
powder to be measured directly. These are the only recommendations that 
were discovered by the research team, which are in fact are minor compared 
to the capabilities of the Cyrax 3D laser scanning system. 
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APPENDIX A 
SUPPLEMENTARY PICTURES OF PENNSYLVANIA DEPARTMENT 
OF TRANSPORTATION SPRING CREEK BRIDGE PILOT PROJECT 
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Figure A. l. 3D data point clouds 
Figure A.2. Digital snapshot of bridge level 
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Figure A.3. Computer generated image using Cyclone 3.0 
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Figure A.4 . 3D point clouds exported into AutoCAD 
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Figure A.5. Cross-section derived from computer model of bridge 
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APPENDIX B 
SUPPLEMENTARY PICTURES OF PENNSYLVANIA DEPARTMENT 
OF TRANSPORTATION ROCKFACE PILOT PROJECT 
72 
Figure B.1. Digital snapshot of rockface project 
Figure B.2. 3D point cloud intensified 
73 
Figure B.3. 3D point cloud of multiple scans registered together 
Figure B.4. 3D point cloud intensified of multiple scans registered together 
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APPENDIX C 





Technology Transfer of "As Built & Preliminary Surveys" by 
Total Station GPS, Video Logging, and Laser Scanning 
-----------------------------
-----------------------------Telephone: -------------Em ail: ---------------Address: --------------
1. Are you a licensed PE, L.S., of both? Please circle the appropriate response. 
2. Please identify you present responsibilities as they are related to roadside features: 
a. Design Yes or No 
b. Maintenance Yes or No 
c. Right-of-way survey Yes or No 
d. Construction Yes or No 
e. Preliminary surveys YesorNo 
f. As-built surveys Yes or No 
g. Electronic Data Mgmt Yes or No 
h. Traffic/safety studies Yes or No 
i. Other (please specify) 
3. Are you familiar with video logging? Yes or No 
4. Are you familiar with GIS? Yes or No 
5. Have you ever used video logging for you roadside features? Yes or No 
6. Are you familiar with the benefits of using laser scanning? Yes or No 
7. Have you ever used laser scanning techniques to capture roadside features? 
Yes or No 
8. What is your jurisdiction (e.g., city of Ames and Jasper County) _______ _ 
Thank you for completing this survey. 
Please Return to: 
Dr. Kandiah J eyapalan 
428 Town Engineering Building 
Department of Civil and Construction Engineering 
Iowa State University 
Ames, IA 50011 Fax: (515) 294-8216 
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APPENDIX D 
WORKSHOP SEMINAR SURVEY RESULTS 
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Figure D. l. Responsibility, familiarity, and previous usage 
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Figure D.S. Responsibilities related to roadside features-county engineers 



















- 60% ;--------------------' e .., i 50% 
A. 40% -1----~ 
30%+------
20%-----




Video Logging GIS Laser Scanning 
Data Collection Teohnologies 
Figure D.6. Data collection familiarity-county engineers 
00 
t:v 









Figure D.7. Previous data collection using video logging and laser scanning-county engineers 
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Figure D.10. Previous data collection using video logging and laser scanning-civil/land surveyors 
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DIGITAL SNAPSHOTS AND AUTOCAD IMAGES OF LINCOLN WAY 
RAILROAD BRIDGE 
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Figure F. l. Southeast view of railroad bridge 
Figure F.2. N View-E Side 
105 
Figure F. 3. Railroad bridge track beams 
Figure F.4. Northwest view 
106 
Figure F. 5. Sign marking on railroad bridge 
Figure F.6. AutoCAD image of railroad bridge 
107 
Figure F.7. Close-up of bridge columns 
Figure F.8. Railroad bridge with track beams 
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APPENDIX G 
IMAGES OF DATA COLLECTED AT RESEARCH TEST SITE WITH 
CYRAX2500 
109 
Figure G. l. Digital snapshot taken with Cyrax 2500 of first scan 
Figure G.2. Digital snapshot taken with Cyrax 2500 of second scan 
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Figure G.3. Digital snapshot taken with Cyrax 2500 of third scan 
-
Figure G.4 . Digital snapshot taken with Cyrax 2500 of fourth scan 
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Figure G .5. Digital snapshot taken with Cyrax 2500 of fifth scan 
Figure G.6. 3D point cloud image of railroad bridge-Northeast view 
112 
Figure G. 7 . 3D point cloud image of railroad bridge-North view 
Figure G.8. 3D point cloud image of railroad bridge 
113 
Figure G.9. Data scanned in second scan setup 
Figure G. 10. Modeled image of railroad bridge in Cyclone 3. 0 
114 
Figure G .11. Image of labeled manholes used to register the multiple scans 
together 
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Figure G .12 . Image of multiple scans being registered together in Cyclone 
3 .0 
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Figure G.13. High intensity scans performed on targets to register multiple 
scans together accurately 
Figure G.14. Close-up view of target used 
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Figure G.15. High intensity scan performed on beam hinge connection 
Figure G.16. Close-up view of a high intensity scan performed on beam 
hinge connection 
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Figure G.17. High intensity scanned performed on beam connection 
Figure G.18. 3D point cloud image showing scanner distances extracted in 
Cyclone 3.0 
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Figure G.20. Modeled railroad bridge in Cyclone 3.0 showing column 
information 
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Figure G.21. Distance between pier edge and column face extracted in 
Cyclone 3.0 
Figure G.22 . Pier width dimensions extracted in Cyclone 3.0 
120 
Figure G.23. Distances between PlCl, P1C2, and P1C3 
·----------------- ... 
_,...___ _______ ~ ----------
Figure G.24. Height of Pl CS distance between Pl CS and P1C4 extracted in 
Cyclone 3.0 
121 
Figure G.25. Distance between P1C6 and P1C5 extracted in Cyclone 3.0 
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APPENDIX H 
CYRAX 2500 LASER SCANNING SYSTEM OPERATION AND 
MODELING STEPS 
123 
Figure H. l. Step 1: Take a digital snapshot of the scene with the integrated 
video camera and target the section of the scene to be scanned 
Figure H.2. Step 2: As the scene is being scanned 3D point clouds appear 
on the laptop screen 
124 
Figure H.3. Step 3: Color the points using Cyclone 3.0 
Figure H.4 . Step 4: Shrink-wrap the 3D point clouds using the processing 
tools of Cyclone 3 . 0 
125 
Figure H.5. Register multiple scans together 
Figure H.6. Export 3D point clouds into AutoCAD to develop elevations, 2D 
plans, and section views 
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Figure H. 7. Develop isometrics with Cyclone 3. 0 software 
Figure H.8. Geo-reference scans to survey points 
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APPENDIX I 
ADDITIONAL IMAGES OF LASER SCANNED DATA WITH CYRAX 
LASER SCANNING SYSTEM 
128 
Figure I.1. Topographic survey of Chevron oilfield collection station in 
Rangely, Colorado shown in small inset image 
Figure I.2. 3D point cloud of pipeline bridge 
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Figure I. 3. Rendered image of pipeline bridge 
Figure 1.4. 3D point cloud of T-Rex highway project 
130 
Figure 1.5. Cyrax 2500 scanned in a cave for the Starship Troopers movie 
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